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1. INTRODUCTION 


GENERALISING the well-known result that the wave equations of the electron 
and the meson can both be put in the linear form 


% By $+ xe =0 (u = 1, 2, 3, 4) (1) 


it has been shown elsewhere*”*® that, under suitable assumptions, (1) can 
also be taken as the wave equation for a particle of arbitrary spin. This 
is shown possible by postulating the relativistic invariance of (1), and that 
the spin operator ¢,,= is,, Satisfies in every case the equation 


tu»e= (B, £,— B, Bu) = (B, B,). (2) 


These assumptions with the further one that the eigen-values of the spin 
operator for a particle of spin r are r, r—1,....—r+ 1, —r enable the 
setting up of a hypercomplex algebra generated by the symbols 8, and 
the unit element, reducing in the particular cases of r= 4, and r= 1 to 
the Dirac and meson algebras respectively. The algebra for the case 
r=#% can also be dealt with in a simple manner as shown in detail 
elsewhere.® 


The particular case of the algebra of meson matrices has been general- 
ised by Schrodinger® and Kemmer*{ for the case where more than four 
elements 8, exist. The former has considered the case of five elements, and 
the latter the case of an arbitrary number s of elements. The object of the 
present paper is to show that this generalisation from four to s elements 
B, is also possible in the case of the algebra associated with a particle of 
arbitrary spin r or r + 3. 


The method adopted in showing this is based on the result deduced 
by Bhabha? as a consequence of (2) that the problem of finding irreducible 





*Paper read before the Annual Conference of the Indian Academy of Sciences at 
Allahabad, December 1946, 


t This reference will be denoted hereafter as K. 
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representations of the 8-algebra is the same as that of finding all irreducible 
representations of the Lorentz group in five dimensions (see also Lubafiski'), 
In fact, this result follows from the relations 


(B,, tuy) — BR; ive B,) By (3) 


which are immediate consequences of (2), and the relativistic invariance of 
(1). Further, as is well known, the above problem concerning the Lorentz 
group in five dimensions is identical with the corresponding problem for 
the real orthogonal group in five dimensions except for the formal process 
of assigning imaginary values to the parameters involved. It is obvious that, 
if the relations (2) and (3) also hold when there are s elements £,, the 
representations of the corresponding f-algebra would be the same as those 
of the real orthogonal group of s + 1 dimensions. 


Employing this method, we use the well-known results relating to the 
real orthogonal group of nm dimensions (n = 2k + 1 or 2k) to derive the 
number and order of the several irreducible representations of the general- 
ised s-element f-algebra corresponding to spin r and r+ 4 (r being a 
positive integer). In particular, for r= 1 we get an alternative derivation 
of Kemmer’s results for the meson algebra, and equally simple results for 
the algebra of spin #. 


2. METHOD OF DERIVING REPRESENTATIONS 


An alternative formulation of the theory of the linear wave equation 
(1) has been given by Kramers, Belinfante and Lubarski* in terms of 
quantities known as undors which transform like products of several Dirac 
spinors. On this formulation, the wave function in (1), for the general 
case of spin r, would be an undor of rank 2 r (= N) and has 4% components. 
The matrices 8, are given by 
N 
By — Zo" 

and, 

y= IX ....Xy*X....X1 

@® @ (i) (N) 
I being the unit matrix, X the direct product, y,“ Dirac matrices which 
commute for different values of j. This representation of the B,’s is identical 
with the general spinor representation discovered by Cartan for the ortho- 
gonal group and investigated by Brauer and Weyl in detail (see Weyl”). 
As shown by them, every representation of the n-dimensional orthogonal 
group is contained in the Kronecker product of a certain basic representa- 
tion with itself taken a sufficient number of times. 
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Accordingly we assume that the representations of the algebra generated 
by the 8,’s are contained in the direct product 


AX....(2ror2r+ 1 times)....X A (4) 


according as the spin is r or r + 4, where A is the basic spin representation 
of the rotation group in m dimensions (see Murnaghan***). Any general 
representation of the orthogonal group specified by the & parameters 


A, SA, B.... BAR ZO (n = 2k + 1, or 2k) 


is denoted by I), and the basic representation would, in this notation, 
be I'42)*. The successive direct products of A by itself can be analysed 
according to the rule [M., p. 313 (10-21)] 


AX Mw= 21 +b (5) 


the summation on the right being over the 2° sets (p) which are obtained 
from the set (A) by either replacing A; by A; — 1 or by leaving it unaltered 
(it being understood that any set (p) for which the normal non-increasing 
order is not preserved or which contains a negative number is to be 
dropped). 


The order of any representation I.) is given by M. (10-22) and (10-27) 
or by the equivalent formule [M. (9-46) and (9-47), p. 260] 











? , : a_ pen 
= a ey ee 
dt») 7 5) Le ee fole ey ee 
1 
for the case n = 2k +1, and 
k 
day= : 1 (= 1,%); b= 0 
QE—2)!.... 41 2la<e 6, b) 
* oe i (4-1); =0| 
G@k—-2)!.. 4121 weg’? 1” j 
for the case n = 2k, : 
where I, =A, + (kK—1), 2 = A, + (K — 2),.....4=% (7) 


and ly =Iyt+ 4 


If we consider the algebra of the s elements 8,, the order of the 
corresponding orthogonal group is s +1, so that we write 


n=s+1 7} 
and for s even, n=2k+1 or,k = }s (8) 
for s odd, n=2k or,k =}(s+1) j 





* This reference will be denoted hereafter as M. 
Ala 
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3. MESON ALGEBRA AND ALGEBRA FOR SPIN 3/2 


Let us first consider the meson algebra. The representations of this 
algebra are contained in the direct product AX A whose analysis is ex- 
plicitly given in M. (10-14), p. 309 as 


nes 
AXA =] ey rept et (9, a) 


r a 2 , ° 
Ax aa{ eT T= v4 0s n= 2k OD 

Since I’ and I’* coincide over the rotation group, we have (k + 1) or 
(k + 2) representations according as n=2k+1 or 2k. The additional 
representation in the latter case is due to the fact that for n =2k, the 
two-valued representation I, is the sum of two irreducible inequivalent 
representations I,’ and I,” of equal orders. In fact, these are the twin 
representations of Kemmer for the case where the number of elements 
s is odd (K, p. 191). Thus it follows from (8) that the number of repre- 
sentations is }s + 1 or $(s + 5) according as s is even or odd [K., p. 192, 
(8)]. If we discard I) as belonging to the ablgera corresponding to the lower 
spin 0, the number of representations would be 45s or }(s + 3) according 
as s is even or odd. 


To determine the order d; of the representation I; in (9, a) or (9, b), 
we write the set (A)= (A,,...., Ag) as (A=... . =A 15; Apu y=—....= A=), 
and use (6,a) or the second equation of (6,5) respectively (since /,= 0). 
In evaluating the expressions JT (/,? — /,”) and I (1,’* — 1,'*) appearing in 
(6), it introduces simplification if we notice that in the sequence (J,, 4,...., 
Iz) or (L,', 1.’,...., 1,/) there is a gap between /; and /;,,, supply this missing 
term, and compensate by dividing by the product of the additional squared 
differences. This procedure leads in the case (6, a) to 


2 (2k+ 1) (2k— 1)... 


1 
4:= OXI... BI! ~~ Qk—2IF 1) 2H! Ak-2)!1....2! 
+ i! (2k—-2i+2)....(2k—i+1)} (K—D! (kK—-I41)... .(2k—2} 
_ @kpr 
~ i!Qk—-i+ 1)! 
.  (ak+1 ! 
ie, d= ( ~~ eCt" (10) 


The same result is obtained in the case m = 2k when we use the 
second equation of (6,5). Putting i= k, gives, in this case, the order of 

















Generalised Algebra of Elementary Particles 


I; as vy so that each of the twin representations has the order 


1(e)=4*(gn)=*Gs 4 a) 


The relation 


2k+1\_ (2k 
(afi oe rd ta (nd 
shows that two representations of (s — 1) generate one of s. Also, the relation 
2k—1\ _ , (2k 
k-1jJ i ( k ) 
shows that the order of each of the twin representations for odd s is equal 


to that of the highest representation of (s— 1). These results are in 
accord with those contained in Kemmer’s paper (see K, p. 194). 


We shall next consider the generalised algebra of spin 3/2 with s 
symbols 8,. The representations are given by A X AX A, and using (9) 


and writing AX A= z I, we have (for n= 2k + 1) 


AX AXKA= 3 AA T;= 2 AX TOO 


+=0 


Analysis by rule (5) leads to 
k 
AXAXA= 2 (k—it+1) I@@ri (11) 


#=0 

Thus for even s, there are (K+ 1) representations given by I (a)i (yr 
(i=0,....,k), ie., $s + 1 just as in the meson algebra. For the case of 
odd s the number of representations is again k + 2 = $(s + 5) as in the 
meson case since the representation I() is the sum of two twin repre- 
sentations I”(3)e and I"(g). Discarding in this case I) as belonging 
to the lower spin 34, i.e., to the s-element Dirac algebra, the number would 
be 45 or $(s + 3). 


To determine the order of the representation I(g)i(-i, we write 
Ame Aye... mA = 2; Ay =.... = Ag=}h, and we }): 
(i) seven, n odd = 2k + 1; (6, a) gives 
(2k +1)! 2k—2i+2 
i!(Qk—i+1)!\2k-—i+2 


a2 (C4) CA N}=2" (CP) GED aa 


d; = 
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(ii) s odd, n even = 2k; the first equation of (6, b) gives (since /,+ 0) 
2° (2k)! (2k —2i +1 
i! (2k — i)!\ 2k —i+1 


=o (CH) AY (CH)- GA} ca 


Equations (12, a) and (12, b) are simple generalisations of (10) to the case 
of spin %. 


d; = 


That the order of the twin representations for odd s is equal to that of the 
highest representation for (s — 1) also follows immediately from the identity 


CES CSD #2 GA) (24) 
which can be easily verified. 


For the special case of s = 4, i.e., the usual case of four B,,’s the equa- 
tion (12, a) gives the orders of the three representations (corresponding to 
i =(0, 1, 2) as 4, 16, 20 (see reference 8), and (11) gives the analysis of the 
triple product of A into these components. Since in this case the wave 
function in (1) is an undor of rank 3 with 4% = 64 components, equation 
(11) can be expressed by saying that the undor representation for spin 3 
contains the 20th order representation once, the 16th order twice, and the 
Dirac representation thrice, giving the check by degrees, 


64 = 20+ (2 x 16) + (3 x 4). 


For the general case of s elements also we can obtain the correct check 
by degrees using (11). Writing A = I, (6) gives the order of this basic 
representation as 2° (both for n odd or even). (11) shows that (gyi ari 
is contained (kK — i + 1) times in AX AXA, and considering n = 2k +1, 
(12, a) gives the sum of the orders of the (kK + 1) representations (including 
the Dirac representations) as 


& . 9 [(2k+ 1 = 2k+1\) 
2 ae DOT) C21) 
= 2*(nCygt+nC, +....+n C,) 
= }$-2*(nCyg+nC,+....+2C,) since n is odd, 
a 4-24. 224+1 = 234 
which is equal to the order of the direct product AX AX A since Ais 
of order 2°. 


For the case n = 2k, a correct check by degrees using (12, 5) requires 
that the representations I’; (i = 0,...., & — 1) should each appear twice as 
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many times as they do in the case n=2k-+ 1. The same situation also 
holds in the meson case as can be seen from the table given by Kemmer 
(K, p. 195). 


4. ALGEBRA FOR SPINS 7 AND r+ $ 


The derivation of the representations for r = $ from those of r= 1 
suggests that a typical representation in the general case of r and r+ } 
would be of the forms 

P yknis (r—1ia—fe lant @r (spin r) (13, a) 

and, 
Pty (r—ayia— in, (gyira He (gy (spin r + 4) (13, b) 
labelled by r indices i, is,....i, (i; Dig B.... Bi, BO) taking the values 
i, = 0, i see os ) 


eee eee e ere ree eeeee 


(14) 


~ 
- 
. 
. 
. 
° 
~ 
~ 
! 
_ 
on 





The restriction of the values of i, in (14) from 0 to (k — 1) instead of 
0 to & serves to eliminate those representations which belong to the lower 
spins (r — 1) and (r — 4) as can be seen from (13, a) and (13, b) respectively. 
It is also to be noticed that the order in which the representations are 
numbered by the suffixes i,, i2,... .i, in (13) is different from the order adopted 
in the particular case of r= 1. In fact, putting i, =i, = ....=i,=0, 
the representation denoted by the single index i, would correspond to I, -i, 
in the notation of the previous article. We shall however denote the repre- 
sentation given by (13) as J%,,i,....i, and derive the total number of these 
for the spins r and r + 4. It is obvious that the number is the same for 
both the spins. 


This total number is the same as the number of ways of choosing the 
indices subject to the conditions (14). For a given i; the index i,,, takes 
on (i;-+ 1) values, viz., (0, 1,....,%;) while i, takes on k values, viz., 
(0, 1,....4 —1). Thus the number required is the number of ways of 
choosing r things out of (r + k — 1), and hence 


number of representations = ‘ * * - 7 (15) 


We shall add a proof by induction. Assuming the truth of (15) for r we 
obtain the number of representations for (r + 1) with the aid of the typical 
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one (r integral) 


arey hi (hile... Opirts (13, ¢) 
ba 1) i, 4 ", 


4 = 0 


as since in (13, c) the index i, assumes values from 0 to i,. But 


4h + ry I+r—1 
4,=0 ( r ) b=a ( r ) 
l I+r—1 . 
ase 1(, : 1) _ ( ae | } using nC,_, =(n + 1) C, — aC, 
k+r 
=(7 + i)- is a 1) 
= * in > since the second term vanishes 
which is (15) wth (r + 1) in place of r. Also (15) is true for r =1, and hence 
the validity of (15) is proved for general r. 


The representation of the highest order is given by putting i, =i, =.... 
=i, =0 as I or Iv+y*, and in the case n =2k, this is a two-valued 
representation which is the sum of two irreducible inequivalent ‘ twin’ repre- 
sentations of equal orders. Thus we have (both for spins r and r + 3) 


(i) for s even, nm =s+1=2k+1, 
no. of representations =(*t? ; uli = _— er ') (15, a) 


(ii) for s odd, n =s +1 =2k, 


no. of representations ai N44 = al bs ~ 4 1 (15, 5) 


In the usual case of s =4, ie, k =2, (15, a) gives the number as 


(’ és ‘=¢ +1). For r =1, we get the results already obtained for the 
meson case. 


Next to determine the order of the typical representation I%,,i,,....i, 
we consider the cases r and r + 3} separately. 

Case (i)—Spin r (integral).—For the representation (13, a), the (A)-set 
is given by the scheme 

Cb an Gh, &,.....Fp PAT. og PRD or ti h.w b @. uu (16-1) 
the successive integers being repeated (k — i), (i, — ig),...., i, times 
respectively. Therefore the (/)-set is given by the scheme 


dute—t...... 4+: §4e-2...... 640-1: 640-4... OO 
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(a) n= 2k + 1.—We use (6, a), and introduce in the sequence /,’ the 
missing terms (i, + r— 4), (i, +r — #),.... while forming the product 
II (I? — /,'*), and then divide by the additional factors thus introduced. 
This gives, after some easy simplification, the order of the represent- 
ation as 


(2k +2r—2p +1)! Aig +tr—p+% 


9 ee i, = = £2 ‘ (18, a) 


where A will be used hereafter to denote the difference product. We can 
transform (18, a) to an elegant determinantal form by writing 


G+r—p+)—G@,+r—¢q+d)=K-i, +q—l)—(K-—is+p-l) 
and, 
g+r—-pt+)+G@+r—qt+)=Kh+i,+2r-—g—k—ipt+p—D 


and reducing it to a form in which there are only products of factorial expres- 
sions both in the numerator and denominator. This reduction gives 


En Cee) ATs) 
2k + 2r—3\ (2k +2r—3 M+ or Sy) 
di, iy....i, = eae | kai } emir | 9, a) 


| | 
Gig rsa) | 


which is a determinant of the r-th order. In the abbreviated form | ay, | 
of a determinant the element in the p-th row and g-th column of which is 
pg We can write 


. |_| 72k + 2r—2p+1 
dy....t, =|( Rh! )I (20, a) 





(b) n = 2k.—We use the same (A) and (/)-sets as in (15, a) and (17, a), 
but the second formula of (6, 5) since /,=0. This gives 


Il (2k +2r—2p)! A {lip +r —p)% 
= — p= 1 P= - - (18, b) 
W(k—is+p—1)! 0 (k+i,+2r—p-—1)! 


p=1 p=1 


di, 


Towceely 





230 


or in the determinantal form 


el. ee 


)( 


2k + 2r—2 

k—i,+1 

2k + 2r—4 
k — ig 


2k 
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Bs 
pe 


2k +2r—2 
Peat sites! 


2k + 2r —4 


) 








2k +2r—4 
(, — ae ae. 


k—i,-—1 

a determinant again of order r which can be abbreviated as 
( 2k + 2r—2p )| 
k—ig+q—p 

Case (ii).—Spin (r + 4) (Aalf-integral)—For the representation (13, d) 
the (A)-set is given by 

(A) =(r+ 4, cog FF 4; r— 4, oF — 4; 285 #5 : 
the successive half-integers (r + 4), (r — }4),... 
(i; — ig), ...., i, times respectively. Therefore from (7) the (/)-set is given by 

(1) =(k+r—4, .., a+r+4; +> lgtr—$; igtr—$,.., $4) (17-2) 

(a) n=2k + 1.—We use (6, a) and proceed as in the case of integral 

spin to derive 


di, Gc Se (20, b) 


$) (16-2) 
-, } being repeated (k — i,) 


Be 
°9 39 


i; +r—, ° 


I (2k+2r-2p-+1)! A teat. It slat 
;, = 2Pess —_—_—_—§(21I, a) 
It (k—i,+p—1)! tt ktigt2r— p+)! 


p=1 


ae 


Comparing this with (18, a@) we notice that (21, a) has an additional factor 
appearing in the numerator, and in the transformation to the determinantal 
form we also use 
(2is+2r—2p+2)=(K+ip+2r—p 
and this leads from (21, a) to the expression 


2k + 2r — 2p +1 
k—ig+q—p 


+ 1)—(k —i,+p— }), 


) 


The 2” determinants in the summation in (22, a) are derived from (20, a) 
by diminishing the indices i,, ig, ....,i, by one, one at a time, two at a 
a time, and to on, and attaching the + sign according as the number of 
indices decreased by one be even or odd respectively. In other words, the 
several determinants in (22, a) are derived from (20, a) by diminishing by 


diy ig....4 = BE + (22, a) 
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one the expression (k —i,-+ q—~p) in one column, two columns, and so 
on ata time. It might be observed that the summation in (22, a) is analo- 
gous to that on the right-hand side of (5). 


(b) n = 2k.—The (A) and (/)-sets are the same as in (16-2) and (17-2) 
but we use the first formula of (6, b) since /,0. This gives 


H (2k+2r—2p)! A Mistr—P+ D8 1 Qip+2r—2p+1) 
di,....i, = yee... SE {95 @ 
Tk —iptp—! it (k-bigt+2r—p)! 


p=1 
In terms of determinants this reduces ‘as like (22, a) to 
. _ 94 2k + 2r — 2p) | 
The orders of the several representations given by (20) and (22) can be 
expressed in terms of s by using (8). 


5. DISCUSSION OF RESULTS 


The representations of the highest order are given by setting i, = i, 
=....=i,=0 in the fromule of the previous section. We shall denote 
these by d%.®, and derive the relation between d“5" and d.® when s is 
odd. From (18, d) 


qv.» — TT (2k + 2r — 2p)! {A (r — p)} 
mex IT (k+ p— 1)! IT (k+ 2r— p— 1)! 


Again, from (18, a), putting i, = 0, and changing k into (k — 1) 


joan _ (2k + 2r—2p—1)! A(r—p+H4 
max W(k+p—2)!lk+2—p-—l)! 





Now, 


A (r — p)} = (r— 1)! Tr — 2p — 1)! 
and 


A(r—p+)3= 1 (r—2p)! 
Hence : 
4 a “¢-)!_ _ 9. (r— 1)! i 
d"s-) IT (k +p—1) Tl @r—2) 27-1 (r — 1)! 
Thus, 
da‘ $—1) W... = 4q"° 


max max 
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In general, therefore, the order of each of the twin representations for odd 
s is equal to that of the highest order reprsenetation for (s— 1). Ina 
similar way, using (21, a) and (21, b) we can show that for n = 2k (s odd) 


qr tt s—1) _ } di th’s (23, b) 


max 
A simpler proof is also possible using (20, a) and (20, 5). 
For the usual case of four elements 8,, i.e., s = 4, formule (18, a) and 
(21, a) give the dimensions of the representations for spins r and r + } by 
putting k = 2. Considering (18, a) first, let us take the choice of indices 
given by 
ij =ig+.... =i =15; 4, =....=i1-=0 (24) 
This gives after some simplification 
day oy) = $ (27 + 3) G+ VD) (2r = 2j + 1) Gr — f+ 2) 
Changing j into (r — j), this gives 
dy-i oy = 4 QF +3 —J+)Q7/4+004+/4+2) (25) 
We can replace in this r and j by the indices A,, A, and the general representa- 


tion for spin A, characterised by (A,, A.) where A, takes on values from 
0 to A,, has therefore the dimension 


da, a % (2 Ay + 3) (A; io As + 1) (2 As + 1) (A, + dg + 2) 
= $ (A, + $) (Ag + 4) (Ar — Ag + 1) (A, + Ag + 2) (26) 
which is identical with the formula in M. p. 314 for the case n =5, 


k = 2. It can be shown that the substitution (24) in (21, a) also leads to the 
same formula (26) with A; =r -+ 4, A =/. 
6. SUMMARY 
It is shown that the results obtained by Schrodinger, and Kemmer for 
the s-element meson algebra also hold for the generalisation, to s elements, 
of the algebra corresponding to general spins r and (r + 4) previously set 
up by the author. The representations of this algebra are obtained by 
analysing the direct product of the basic representation of the rotation 
group of (s+ 1) dimensions with itself taken 2r or 27+ 1 times. The 
total number of representations (excluding those belonging to lower spins) 
is obtained as (k + r—1)C,or(kK +r—1)C,+4+ 1 forn=s +1 = 2k+1 
or 2k respectively, both for spins r and (r + 4). The order of a general 
representation specified by r indices i,, i,,....,i, is given in a simple 
determinantal form in the four cases of n=2k-+1 or 2k, and spins 
r or (r + 4). Itis also shown in general that the twin representation for 
odd s has the same order as that of the highest one for (s — 1) elements. 
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| The method of the paper leads to an alternative derivation of Kemmer’s 
results for the meson case, and to equally simple results for the generalised 
) s-element algebra of spin 3. 
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(From the Department of Chemistry, Andhra University, Waltair) 


Received July 15, 1947 


FROM a consideration of the properties and reactions of tambuletin, it was 
given the constitution of the 8-methyl-ether of herbacetin.! This consti- 
tution was subsequently confirmed? by the preparation of its tri- and tetra- 
ethyl ethers and by their identity with 3:7: 4’-triethoxy-8-methoxy-5- 
hydroxy flavone and 2:5: 7: 4’-tetraethoxy-8-methoxy flavone respectively. 
The synthesis of tambuletin itself has now been achieved and is reported 
in this paper. 

The synthetic preparation of tambuletin follows on lines similar to the 
synthesis of wogonin® from chrysin. Starting with kempferol (I) it is 
subjected to partial benzylation using three molecular proportions of benzyl 
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chloride. The product should be 3:7: 4’-O-tribenzyl-ether (II) having the 
resistant 5-hydroxy! free. This constitution is supported by its properties 
since it gives a strong ferric chloride colour and is sparingly soluble in aqueous 
alkali. Its oxidation to the quinol (III) takes place with some difficulty 
owing to its sparing solubility in alkali even in the presence of pyridine and 
only poor yields are obtained. Partial methylation of this quinol yields the 
§-methyl ether (IV) which gives the reactions for a free 5-hydroxyl. Final 
debenzylation takes place smoothly producing &-methoxy-3: 5: 7: 4’-tetra- 
hydroxy-flavone (V) which is found to be identical in all respects with 
tambuletin isolated from tambul seeds.! 


EXPERIMENTAL 
5-Hydroxy-3 : 7: 4'-tribenzyloxy-flavone (II) 


Kempferol (I) (1:0g.) was dissolved in dry acetone (50c.c.) and an- 
hydrous potassium carbonate (8-0 g.) and benzyl chloride (1-13 c.c., 3 mols.) 
were added. The mixture was refluxed for 20 hours. The potassium salts 
were filtered off and washed with hot acetone. The filtrate was concentrated 
on a water-bath as far as possible and the residue stirred up with water. 
A semi-solid separated out. It crystallised from a mixture of alcohol and 
acetone as pale yellow small prisms melting at 111-13° (Found: C, 78-0; 
H, 5:0; CygHogO,g requires C, 77-7; H, 5:0%). It gave a green colour 
with alcoholic ferric chloride and was sparingly soluble in aqueous alkali. 


5: 8-Dihydroxy-3 : 7: 4'-tribenzyloxy-flavone (IIT) 


The 5-hydroxy compound (II) (1-7 g.) was dissolved in pyridine (50 c.c.) 
and an aqueous solution of sodium hydroxide (1-0 g. in 20c.c. of water) 
was added. The mixture was stirred for 2 hours while an aqueous solution 
of potassium persulphate (2-0 g. in 40c.c. of water) was added gradually 
drop by drop. The solution was kept aside overnight and acidified to congo 
ted with hydrochloric acid. The unreacted compound was filtered off and 
the filtrate extracted twice with ether to remove the last traces of it. Sodium 
sulphite (3-0 g.) and concentrated hydrochloric acid (20c.c.) were added 
to the aqueous solution which was then heated over a boiling water-bath 
for 30 minutes. After cooling the solution, the soild that had separated out 
was extracted with ether. Removal of ether by distillation left a bright 
yellow substance. It crystallised from alcohol in the form of bright yellow 
narrow rectangular plates and flat needles melting at 165-66° (Found: C, 
75:3; H, 5-0; CggH2gO, requires C, 75-5; H, 4:9%). It gave a transient 
green colour changing to brown with alcoholic ferric chloride and was 
soluble in aqueous alkali producing a reddish-brown solution. 
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5-Hydroxy-8-methoxy-3 : 7: 4'-tribenzyloxy-flavone UV) 


The 5: 8-dihycroxy compound (IIT) (0-8 g.) was dissolved in dry acetone 
(25 c.c.) and anhydrous potassium carbonate (5-0 ¢.) and cimethyi sulphate 
(0-14 ¢.c., 1 mol.) were added. The mixture was refluxed for 6 hours. The 
potassium salts were filtered off and washed with hot acetone. The filtrate 
was concentrated over a water-bath to remove acetone. The solid that 
remained behind was stirred up with water and filtered. It crystallised 
from a mixture of alcohol and acetone as pale yellow prismatic needles 
melting at 113-15° (Found: C, 75-5; H, 5-0; Cy,H 90, requires C, 75-8; 
H, 5:1%). It gave a green colour with alcoholic ferric chloride and was 
sparingly soluble in aqueous alkali. 


8-Methoxy-5: 7:3: 4'-tetrahydroxy-flavone (V) (Tambuletin) 


The above 5-hydroxy compound (0:5 g.) was treated with a mixture of 
glacial acetic acid (5-0c.c.) and concentrated hydrochloric acid (2-5 c.c.) 
and the mixture was heated at 100° over a water-bath for one hour. The 
solution was cooled and diluted with water. A bright yellow solid separated 
out. It was filtered and crystallised from glacial acetic acid whereby it was 
obtained as bright yellow short needles melting at 269-70°. It gave a dull 
green colour with alcoholic ferric chloride and was readily soluble in aqueous 
alkali to give a bright yellow solution. [It gave an orange-red precipitate 
with neutral lead acetate in alcohol. The mixed melting point with a 
sample of tambuletin isolated from the seeds of Zanthoxylum acanthopodium 
was not depressed (Found: C, 60-3; H, 4-0; CygH:,0, requires C, 60-7; 
H, 3-8%). 

SUMMARY 

The synthesis of tambuletin has been effected. Kempferol is first 
benzylated to the tribenzyl-cther which is subjected to oxidation with alkaline 
persulphate, partial methylation and debenzylation in succession. 


REFERENCES 
1. Balakrishna and Seshadri .. Proc. Ind. Acad. Sci., A, 1947, 25, 449. 
—_——_— Ibid., 1947, 26, 72. 
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In Part II, A, 1947, 26, 216 read (VID), for (XIII) at the bottom of 
the page. 
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INTRODUCTION 


In a recent contribution by the author (Part I) on the above subject, the 
mineralogy of the charnockites from St. Thomas Mt. was detailed. In this 
part the petrology and the petrogenesis of the series are given. 


GENERAL CHARACTERS 


The rocks of this series are in general blue grey or darkish in colour 
with a remarkably fresh appearance and an even-grained granulitic texture. 
They range from a highly siliceous hypersthene-granite through diorites and 
norites to pyroxenites. An examination with a lens shows that plagioclase 
and quartz when present are almost invariably blue or bluish green, while 
the alkali felspars show a definite tinge of green. These dark shades of the 
salic minerals, with the large abundance of femic minerals, give the same 
dark appearance to all the members of the series, acid, as well as basic. 


Under the microscope the minerals show a remarkable constancy in 
their essential optical properties, in all the types. In texture, the rocks are 
typically even-grained and granulitic while in mineral composition there is 
a constant presence of pleochroic rhombic pyroxene. The other femic 
minerals which make up the rocks of this series are augite and hornblende, 
while the opaque iron ores in minute grains are universally present. The 
salic minerals are plagioclase felspars, alkali felspars and quartz. A charac- 
ter which is often observed in the rocks is the tendency of the femic minerals 
to cluster together, a feature which was also noted by Holland (1900 B, 
p. 118). 


In the present collection six types could be distinguished, whose chemical 
analyses, norm, etc., are given in Table I. 





* For Part I, see this Journal, Vol. XXIV, No. 4, Sec. A, pp. 315-331, 1946. 
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Chemical analyses of charnockites from St. 
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TABLE [ 


Thomas Mount, Madras 


























| A | B | Cc D E | F 
SiO, | 49-05 | 50-09 | 52:72 69-35 | 71-78 | 74-99 
AlzOz --| 1282 | 1652 | 16-64 14-66 | 14:76 | 18-2] 
Fe.0; | 276 | 1:97 | 0-78 1-40 | 1-05 | 0-08 
FeO --| 14-60 | 11:35 | 11-34 4-64 1-34 | 1-99 
MnO | oa | 0-45 | 0-45 0-06 | 0-08 | 0-12 
MgO --| 465 | 588 | 4.24 1-98 | 0-44 | 1405 
CaO --| 10-06 | 9-03 | 8-89 2-34 | 2-62 | 1-00 
Na,O | S12 | 2-64 | 3-50 4-26 | 4°46 | 3-51 
K,0 --| O91 | 0-51 | 0-57 0-83 | 3-28 | 3619 
TiO, -| 2-01 | 1-49 | 1-02 0-74 | 0-62 | 1-09 
P05 ++| 0-36 | 0-35 | 0-36 Trace | .. As 
H,O+ | MA ** ** 0-03 0-04 0-19 
H,O- --| 0-09 | 0-06 | 0:07 0-33 | (0-05 | O18 
Total | 100-58 100-44 | 100-52 100-62 | 100-47 | 100-59 
Sp. Gr.» 3°12 3-16 | 3°00 2-77 2-67 | 2-70 
| | NIGGLI VALUES 
a ; 113 | wuz | 133 291 350 | 495 
al ool 19 23 | 25 36 42 | 44 
fm --| 50 48 | 42 33 13 | 19 
P --| 25 23 | 24 ll 13 hb ag 
alk +s 8 6 9 20 32 30 
z --| Ov) 0-10 | 0-08 0-12 0-33 0-38 
mg --| 0-32 0-43 | 0-38 0-38 0-25 0-47 
| | BASIS COMPOSITION | 
Kp | = Be 17 | 1-7 3-1 1-7 | ULB 
Ne | 17-1 14-4 | 18-8 23-2 24-0 | 18-9 
Cal -| lel 19-2 | 171 71 | 6-3 | 3-4 
Cs . 8-3 2-5 | 3-3 - | 0-7 | * 
Fs 3-1 2-2 0-8 1-5 1.2 | “ 
Fa 17-6 14-0 13-8 5-4 16 | 4 
Fo 9-8 12-5 8-9 2+2 0-9 | 06 
Cp . 1-4 1+3 1-3 - a +f 
Q --| 26-8 31-1 33-5 53-1 53-2 | «BOB 
Ru . 1-4 1+] 0-7 0-5 0-4 | 08 
Sp er . 4-0 ea | 8 
C.1.P.W. Nor | 
Q ~ “ “ 0-96 30+42 97-30 | 37-74 
Or | 5+56 2-78 2-72 5-00 19-46 | 18-90 
Ab -| 26-20 22-53 29-34 36-15 37°73 29.34 
An 18-07 31-69 28-36 11-68 10-56 | 5:56 
Mg 2-50 12-70 | 8-70 5-00 0-50 | 2-60 
Hy} Fe -| 502 15-31 | 15-71 6-20 0-26 1-98 
| Fo -| 308 ’ ne ; . be 
Ol} Fa -| 6+73 ‘ os g oa “ 
) Ca -| 1218 4-41 5-45 ; 0-93 “i 
Di | Mg oe 4-50 2-00 1-90 ; 0-50 a 
} Fe -| 7-92 2-38 3-70 a 0-26 in 
Ap 1-01 1-01 1-01 “- a “ 
Mt 4-18 3-02 1-16 2-09 1+62 i 
Il 3-80 2-89 1-98 1-37 1+22 2+13 
¢ ° oe oe 2-45 oe 1-94 
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TABLE I—(Contd.) 


























A B Cc | D | E | F 
KATA MOLECULAR NORM 
Q ° °° oe 0-4 26-0 27-1 32-9 
Or ‘ 5°7 2°8 2-8 5-2 19+5 19-2 
Ab 28-5 24-0 31-3 38-7 40-0 31-5 
An 18-5 31-8 28-5 11-8 8-4 | 5-7 
Wo 8-3 1-1 3-0 ae 0-1 se 
Hy 11-2 16-4 17-9 6-1 1-3 3+2 
En 6-8 15-6 11-9 2-9 1-2 0-8 
Fo ‘ 4-7 0-8 ee e oo ee 
Fa ee 7-6 0-6 ee ee oe oe 
Ap ‘ 1-4 1-3 1-3 . Re ‘ 
To ° 4:2 3°3 2-1 * 1-2 ee 
Ru - oe oe 0°5 ‘ 0-8 
Mt 3-1 2-2 0-8 1-5 1-2 oo 
Cord Z ee +e ee 1-3 AS 5-9 
MODE 
Qz oe 4-4 36-0 26-7 34-1 
Alkali-felspar 4-1 13-2 48-5 42-8 
(Perthite) 
Plagioclase - 49-1 51-0 49-5 34-6 20-2 15-8 
R, Px ae 12-2 10-2 16-2 } 13°7 2°6 6-1 
M, Px .- 8-5 26-1 13-9 . “a 
(mostly 
hypersthene) 

Hornblende .. 28-9 2-1 1-3 ee oe oe 
“Ores” wt 0-3 9-4 9-4 2-5 2-0 1-2 
Apatite .* 1-0 1-2 1-2 ee oe ee 











A. Hornblende Norite (Melagabbrodiorite) (III. 5. 4. 4.) sp. No. M St/53. St. Thomas Mount, 
Madras, Analyst.—C. Rajagopalan. 


B. Hy-Gabbro (Normal gabbroid) (III. 5.4.5.) sp. No. M St/33. Same locality as A, 
Analyst.—C. Rajagopalan. 


C. Norite (Orbitisch) (III. 5.4.5.) sp. No. M St/23. Locality same as above. Analyst.— 
C. Rajagopalan. 


D. Granodiorite (Moyitisch) (II. 4. 2. 5.) sp. No. M St/38. Locality same as above. 
Analyst.—C. Rajagopalan. 


E. Granite (Yosemitgranitisch) (I. 4. 2. 4.) sp. No. M St/29. Locality same as above. 
Analyst.—C. Rajagopalan. 


F, Hypersthene-granite (Natronrapakawitisch or Rapakawitisch) (I. 3. 2. 3.) sp. No. M St/56. 
Locality same as above. Analyst.—C. Rajagopalan. 


DESCRIPTION OF THE CHIEF TYPES 


In the petrographic description the megascopic features are omitted 
since all the types look more or less similar. 


Hornblende-Norite (Melagabbrodiortisch) Type A.—This is the most 
important member of this series and appears to have, as explained further 
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below, the same composition as of the probable “ parent magma”? of the 
charnockite suite. It is a dark green medium grained rock made up of, 
as seen microscopically, plagioclase, hornblende and pyroxene with a little 
of apatite and opaque iron ores. MHornblende, the abundant of the 
femic constituents, is seen disposed in bands, markedly parallel with pyro. 
xene and felspars. 


The modal felspar of this rock is about 49% while the normative quantity 
varies from 50% to 53%. This slight deficiency in the modal felspar is prob- 
ably due to the hornblende taking up some amount of alkalies and lime 
(vide Part I). The plagioclase according to the norm will approximately 
have an anorthite content of about 40% which agrees fairly well with the 
determination on the universal stage (vide Part I). 


Hypersthene-Gabbro (Normal gabbroid) Type B.—Under the micro- 
scope, the plagioclase, mostly twinned, is found to constitute about 50% of 
the bulk. Pyroxenes of which the monoclinic is the most abundant, makes 
up nearly 35%, while hornblende is present in small quantities. Accessory 
magnetite, pyrite are abundant. Quartz is present only in very small 
quantities. 


On examining the mode and the norm it is seen that there is orthoclase 
in the norm and none at all in the mode. This is probably due to its solid 
solution in plagioclase. Universal stage determination gives an anorthite 
content of 45% to the plagioclases, which nearly corresponds to that derived 
from the Norm. 


Norite (Orbitisch) Type C.—This is a dark grey fine grained rock some- 
times showing fairly large crystals of the femic minerals. 


Under the microscope it is typically fresh. The plagioclase constitutes 
45% of the volume. Rhombic pyroxene predominates over the monoclinic. 
Hornblende and apatite are present in small amounts, while opaque iron 
ores make up more than 9% of the bulk. A little alkali felspar is also present. 


On comparing the mode with the norm it is seen that the alkali felspar 
is probably a perthite of the composition Or, Ab,. The resulting plagioclase 
would then correspond to Ab, An, agreeing nearly with the determinations 
on the universal stage (vide Part I). 


Granodiorite (Moyitisch) Type D.—In thin sections under the micro 
scope the quartz is seen to be abundant. But the small quantity of hardly 
13% of the alkali felspars, a plagioclase which is rather basic, considerable 
amounts of hypersthene with some monoclinic pyroxene and apatite point 
out that this has basic affinity. 
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It is seen from the Table I that there is an excess of modal quartz over 
the normative. This discrepancy may be due to untwinned felspar pieces 
having been counted with quartz. The 13% of modal alkali felspars against 
only of about 5% normative means that it is a micro-perthite of approxi- 
mately Or. Abs. The resulting plagioclase will, hence, have an anorthite 
content of about 30% which very well agrees with the determination on the 
universal stage (vide Part I). 


Granite (Yosemitgranitisch) Type E.—Magascopically the rock is a 
medium-fine grained one with dark greenish-grey colour and almost a greasy 
lustre. 


Under the microscope it shows an abundance of quartz. Most of the 
felspar that is present is the alkali variety, some plagioclase, twinned and 
un-twinned, being also present. Subordinate amounts of hypersthene 
occurs with small quantities of magnetite and pyrite. 


There is a good agreement between the normative and modal quartz 
and also total felspars. Whereas there is only 20% of plagioclase and 484% 
of microcline, the normative quantities of orthoclase, albite and anorthite 
are 194, 40 and 84 respectively. It is therefore, very probable that micro- 
perthite of nearly Or, Ab, composition is observed as microcline. The 
resulting plagioclase will thus have an anorthite content of 40%. 


Hypersthene-Granite (Natron-rapakawitisch or Rapakawitisch) Type F.— 
The rock, as seen in thin sections, is made up of felspars and quartz 
with a small amount of hypersthene and opaque iron ore and an 
occasional flake of biotite. The felspars include microcline and micro- 
perthite, the plagioclase being an acid oligoclase with an anorthite content 
of approximately 12%. Hypersthene tends to cluster together and shows 
some alteration. 


From Table I it will be seen that in the Norm, corundum or cordiorite 
appears which shows there is an excess of alumina over the requirements of 
the combined alkalies and lime, indicating the presence of an aluminous 
mineral; also that the calculated quartz is more. This excess of normative 
alumina and quartz is very probably due to the hypersthene which, as has 
already been shown (vide Part I) is an aluminous and siliceous variety. 
The total felspars are more in the mode than in the Norm. The 
alkali felspars are nearly as much as the combined amount of potash. 
Thus it is probable as suggested by Washington (1916, p. 325) that there 
are some anorthite molecules also in the alkali felspars which is seen as 
“microcline ”’. 
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GENERAL CHEMICAL CHARACTERS 


From a knowledge of the chemical composition of the minerals present 
in a rock, and the chemical composition of the rock, it is easy to calculate 
the modal composition. Since the important femic minerals of the char- 
nockites were analysed, which were given in the previous part and since the 
composition of the plagioclase was also determined to a degree of accuracy 
that the Universal Stage permits, an attempt has been made to allot the Basis 
Molecules of the rock to the various minerals present in as close a proportion 
as they occur in the minerals themselves, thus arriving at what could be termed 
as the “Calculated Mode”. In Table I the Modes of the rocks were given 
which represented the volume percentage. The values after converting into 
weight percentages are given in Table II along with the “Calculated Mode”, 





























TABLE II 
MODE (Weight Percentage) 
| 
A B Cc D E F 
Quartz Br ‘nt oa 4 35 26% 34 
Alkali felspars a os re 4 12 41% 41 
Plagioclase felspars ee 43% 43 42 31 20 15 
Hypersthene ee 14 ll 18 ) 17 3 8 
Augite iva 10 28 15 } a 
Hornblende . | 31 2 1 ae ee ee 
“Cee” es % 15 15 5 3 2 
Apatite ee 1 1 1 | £ . . 
CALCULATED MODE 
| | 
Quartz ee ** oe | 4 30 | 24 34 
Alkali felspars “ . . i! 54 15 48 3l 
Plagioclase felspars 2) 48 |) 3 | 2 24 
Hypersthene i 16 ll 20 20 7 ll 
Augite ee 19 26 13 s ~s oe 
Hornblende ee 24 14 8 ee 
Apatite *e 1 1 1 * 
*Osen”’ ee oo ee ee 














A perusal of the observed and the claculated mode shows that there are 
certain apparent discrepancies in spite of the fact that no assumptions were 
made in the calculation of the mode, excepting, that there is a constancy in 
the chemical composition of the ferromagnesium minerals, viz., augite, 
hypersthene and hornblende, in all the rock types. Though it could be 
argued that it is an unwarranted assumption, the optical properties of the 
above mentioned minerals are constant enough to believe that their chemical 
compostion is sensibly the same. 


In rock type A, i.e., Hornblende-Norite, all the calculated values for all 
the minerals except for augite and hornblende, agree fairly well. Whereas 
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the calculated augite is more than the observed one, the same for hornblende 
is correspondingly less. Hence it appears probable that at least part of the 
hornblende is derived from augite. 


In rock type B and C the calculated values for hornblende are much 
higher than the observed ones, on the other hand “ Ores” are abundant in 
the observed mode and none at all in the calculated one. It, therefore, 
appears probable that the “Ores” are mostly derived from hornblende. 
In other rock types there is a tolerably good agreement between the observed 
and the calculated modal values except for the felspar values of type F, which 
was already explained under the head hypersthene-granite. 


Thus, from a chemical study supported by optical observations of the 
charnockites we find that the monoclinic pyroxene under certain conditions 
changes into hornblende which in its turn gives opaque iron ores; all these 
changes have obviously taken place without in any away affecting the fresh 
appearance of the rocks. 


This series shows a very wide range in silica content from 75% to 49%. 
Alumina is usually low and is not more than enough to satisfy the combined 
alkalies and lime. Iron oxides are high and count for the abundant femic 
minerals. The ferrous oxide greatly predominates over the ferric. Manga- 
nese is very low as is quite normal to igneous rocks. Magnesia is always 
lower than the combined iron oxides. In the basic members lime is always 
in excess of alumina over alkalies, and is converted into normative diopside 
or wollastonite molecule, which enters into the composition of modal augite 
or hornblende. The alkalies are fairly high, soda largely predominating 
over potash, except in the most acid varieties where the amounts are almost 
equal. Titania, just like manganese is very low, but the amount increases in 
basic types. Phosphorus is totally absent in the acid members, and first 
shows its presence in the granodiorite and increases in the basic types, but 
never rises beyond 0-4%. 

PETROCHEMISTRY 


The chemical analyses of igneous rocks have been represented graphic- 
ally differently by different authors. The most widely used methods now 
in the English-speaking countries is the one suggested by Harker. In this 
method either the oxide composition or the molecular proportions of the 
various oxides are plotted against SiO,. Thus, to represent a petrographic 
province or a number of igneous rock types which are apparently of the same 
parentage there will be a graph with as many curves as there are oxides in 
the chemical composition. On the Continent, however, the chemical ana- 
lyses are mostly interpreted, at any rate were interpreted until the beginning 
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of the World War IT, on the lines initiated by Niggli. In this method instead 
of the weight percentages the important Niggli Values, viz., al, fm, c and alk 
are plotted against si values. The values thus used bring about the variation 
of all the oxides which make up the principle rock forming minerals. Thus, 
the number of curves are reduced to four without in any way suppressing 
the character of the represented rock analyses, so that any serial variation 
could be more advantageously brought out and the variation in the values 
of al, fm, c and alk for differing values of si studied. Such a diagram is known 
as Niggli’s Molecular Diagram or Differentiation Diagram for reasons which 
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Fic. 1. Differentiation Diagram of the Charnockite Series 
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Fic. 2. Differentiation Diagram of the Cale-alkali Series (After Niggli 
(Reproduced from Burri, 1926, p. 137) 
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will be apparent in the following pages. It is a well recognised fact that 
there are at least two different tendencies of differentiation namely (1) the 
Calc-alkaline, or sub-alkaline and (2) the Alkaline. These two different 
tendencies of differentiation are very clearly brought out when the Niggli’s 
Molecular Diagram is constructed and studied. 


A differentiation diagram based on the above lines for the charnockites 
from the analyses given in Table I supplemented with those of nearby char- 
nockites given by others such as Holland (1900) Washington (1916), Rama 
Rao (1945) is given in Fig. 1. For the sake of comparison a similar diagram 
for the calc-alkaline suite given by Niggli (Burri, 1926, p. 137) is reproduced 
in Fig. 2. 

A consideration of Fig. 1 shows two sets of sympathetic curves, the 
alk being sympathetic to al and c to fm, while these two sets have mutually 
opposing tendencies... Thus, when al and alk increase fm and c fall and vice 
versa, except for very low values of si where c also shows an opposing tend- 
cency to fm. A striking feature of the diagram is the smoothness of the 
curves, without sharp rises and falls except for very low values of si. 


The fm curve between the si values of 88 and 120 is very steep and the 
value changes very rapidly even for small variations of si. Later, there is 
a gradual decrease as si increases, without sudden fall in the values of fm 
until it attains a minimum value of 16 units when si = 450. 


The al curve starting with a low value of 6 units when si = 88 fairly 
rapidly rises to 28 units at si = 150; then the values slowly but steadily 
increase until a maximum of 45 units is reached at si = 450. 


The c curve has a very steep rise in the initial stages from a value of 15 
units at si = 88 to 26 units at si = 100; then slowly decreases in value, being 
almost sympathetic to fm. 


The alk on the other hand steadily increases in its values starting almost 
with a value of zero at si = 88 units and rising to 33 units at si= 450. This 
curve is thus sympathetic_to al curve. 


On a closer study of the two diagrams it will be seen that there is not 
merely a general similarity in the tendencies of the curves, but that the 
intersection point of a/ and fm curves is very nearly at the same si value. 
This point, known as the Isofalic point, gives an si value which is charac- 
teristic for each petrographic province. Thus, the Isofalic point for Circum- 
pacific or Calc-alkaline rocks falls at si = 180 or more, while the same in 
the alkaline suites—both Atlantic and Mediterranian—rarely exceeds si = 160. 
This point in Fig. 1 falls at si =216. Here the other values are al = fm 
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Fic. 3. k-mg Diagram 


A to F = Authors Rocks 


Cy = Charnockites from Ceylon I= a » India 


= 33-5; = 17, alk =16. Thus strong affinity to calc-alkaline suite js 
Clearly indicated by the charnockites. It will be shown further that similar ide 
tendencies are exhibited by the charnockites in other typical diagrams. th: 
The interpolated values of the differentiation diagram of the char- TO 
nockite is given in Table III. in 
TABLE III Le 
of 
st al fm | é | alk al-alk | c-(al-alk) alk/al-alk gz gi 
120 20 47 25 . 12 +13 0-67 —12 
150 28 40 21 11 17 +4 0-65 +6 
200 32 35 18 15 17 +1 0-88 +40 its 
250 36 30 15 19 17 -2 1-12 74 
300 40 4 12 24 16 -4 1-50 114 sc 
350 41 20 ll 28 13 -2 2-16 138 
400 43 17 8 32 11 - 3 2-91 172 s¢ 
450 45 16 6 33 12 - 6 2-75 218 
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U = Charnockites from Uganda 
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The above table besides giving the interpolated values, also gives some 
idea of the normative mineral composition. Thus, when a/ is not more 
than (c — alk) then, (al — alk) gives an idea of the anorthite content of the 
rock. The value c — (al — alk) gives the proportion of lime which is not 
in combination with alumina but is available for ferromagnesian minerals, 
ie., normative wollastonite. The ratio alk/al — alk gives the proportion 
of alkali felspars over anorthite felspar. The value of free silica, i.e., qg? is 
given by si — (100 + 4 alk). 


k — mg DIAGRAM 


The differentiation diagram of the charnockite-series studied above has 
its inherent drawbacks in that, the individual behaviour of the components 
soda and potash, iron and magnesia cannot be followed. This purpose is 
served by the k — mg Diagram given in Fig. 3. 


From the diagram it will be seen that all the plotted points arrange 
themselves roughly in a North-west South-east zone. Thus, an increase 
in the values of k is accompanied by decrease in mg values and vice versa. 
This opposing tendency of these two are features characteristic of the Circum- 


pacific Suite. 
NORMATIVE MINERAL DIAGRAM 


It has already been pointed out how the normative mineral composition 
could be estimated from the Niggli values. 


When there is enough of SiO. and when a/ is more than alk, but less 
than (alk + c) (which i3 normally the case) then, 2 alk gives the proportion 
of alkali felspars 2 (al — alk) a measure of the anorthite content and 
(100 — 2 a/) the amount of dark minerals. The sum of these three quanti- 
ties being hundred, could be projected by a single point in a trilinear diagram, 
the three values occupying the three corners of an equilateral triangle. These 
values for the six types given in Table IV, provide a very valuable basis for 








TABLE IV 
Type | 2alk 2(al-alk) (100-2a/) 
A 16 18 66 
B 12 34 54 
c 18 32 50 
D 40 $2 28 
E 64 20 16 
F 60 28 12 














following the differentiation trends. Thus it will be clear from Fig. 4 that 
the general sequence of events is to follow two distinct courses from a 
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common point A. Along one of the courses there is enrichment of the dark 
minerals with concomitant impoverishment in the total felspars resulting 
in the pyroxenite type. Along the other, the sequence is first impoverish- 





2 (at-alx) 


20 40 60 80 
Fic. 4. Normative Mineral Diagram 


ment in femic constituents with constant alkali felspars resulting in types 
B and C, secondly from there, enrichment in alkali felspars with constant 
anorthite content and from there impoverishing of anorthite molecule with 
constant femic constituents giving rise to more and more acid types like 
E, F and M. 

Q-L-M. DIAGRAM 


A study such as the above one is, however, based on the express assump- 
tion that silica was always available for the formation of the saturated 
minerals. 


In view of the prime importance of silica in the formation of the rock 
types, it is necessary to study the behaviour of this important constituent 
also during the progress of differentiation. This is done with the help of 
the Q-L-M diagram (Fig. 5) where Q stands for Q of the Basis composition, 
L is equal to (Kp + Ne + Cal) and M embraces all the femic Basis Mole- 
cules. Thus, the composition of a rock could be expressed in three values 
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Fic. 5. Q. L.M. Diagram 


Q,L & M (Table V.) M standing for the unsaturated melanocratic con- 
stituents, L standing for the unsaturated felspar molecules and Q for the 








TABLE V 
| A | B | Cc | D | E | F 
Q | 28-2 32-2 34-2 | 53-6 536 =| = 60+ 
L | 31-6 35-3 37-6 33-4 42-0 33-8 
M 40-2 32-5 28-2 13-0 4-4 6-1 





availability of SiO, for saturating the above two. Both the diagrams are 
apparently alike, but it will be seen that the diagram based on 2 alk, 2 
(al — alk) and (100 — 2 al) gives the individual behaviour of the two felspars 
—the alkali and lime,—which in the Q-L-M diagram are blended into a 
single value L. This later diagram, on the other hand, gives the behaviour 
of SiO, during the whole progress of differentiation, which is lacking in the 
previous diagram. Thus, both of them are very useful in elucidating the 
trends of differentiation: 
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In the Q-L-M diagram it is seen that there are two points: (1) P on the 
side of Q-M and (2) F on the side of Q-L. These two points are the posi- 
tions of the pyroxenes and felspars respectively. M (Fo + Fa + Fs + Cs) 
representing the position of unsaturated ferromagnesiam minerals, takes 
certain amount of Q for the formation of pyroxene according to the follow- 
ing equation :— 


Mg Mg SiO, + SiO. — 2 Mg SiO, 
i.e.,3 Fo+1Q > 4En 
Therefore 3M+1Q—_> 4P 
Similarly for felspars— 
K Al SiO,+ 2SiO0, — K ATI Si; O, 
i.e..3 Kp +2Q > 5 Or 
Therefore 3L+2Q —> 5F 


Thus the points P and F (Fig. 5) would represent the saturated minerals 
Pyroxenes and Felspars and the straight line PF, which is the saturation line, 
would divide the whole field into the unsaturated area PFLM and saturated 
area PQF. 


To trace the crystallization of the charnockites in the above mentioned 
diagram it is necessary to start with a certain parent magma which on differ- 
entiation is capable of giving rise to the various rock types that are met with 
in this series. 


Though there is difference of opinion regarding the nature of primary 
magma, there is, however, a greater agreement among petrologists regarding 
the universality of parent magma. 


It has been found that the parent magmas for the various well-known 
Petrographic suites are very much allied in composition corresponding in 
general to a gabbro (Table VI). Their Q-L-M values when plotted in the 
Triangular diagram, fall within a small region, adjoining, but well below 
the line PF. Within this region of parent magmas falls the rock type A 
which has values very close to those of plateau basalt. It is interesting to 
note that the hornblende-norite (Type A) of the writer, of Washington 
(1916) and the Basicgarnetiferous norite of Groves (1935) when plotted in 
the Q-L-M diagram fall very close to one another. 


In the diagram the dotted line encloses the field of the Calc-alkaline 
province. The area near about A is the area of the “ mother” magma. 
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TABLE VI 


| 
Rock type | Q | L =} @ | n Magma type 











1 Tholeiite, Ophio- | 33-3 | 33-3 | 33-3 | 0-2 0-35 | 0-4-0-6] 0-24 | Gabbrodioritisch 
lithe 


2 Norite 33-3 | 33-3 | 33-3 | O-1 | 0-66 | 0-66 0-15 | c-gabbroid bis miharai- 
tisch 

3 Plateaubasalte 26-7 | 33-3 | 40-0 | 0-15 | 0-5 | 0-5 0-15 | Normal gabbroid 

4 Oceanite 20 20 60 0-2 | 0-5 | 0-5 0-1 Hornblendperido- 
tisch bis hornblendi- 
tisch 

5 Alkalibasalte ..| 16 36 48 | 0°25 | 0-35 | 0-55 0-25 | Kaulaitisch 

6 2 ol ae 40 40 0-23 | 0-35 | 0-6 0-22 | Essexitgabbroid bis 
essexitgabbrodiori- 
tisch 


7 Tephrite bis Tra-| 20 50 30 0-23 | 0-2 | 0-4 0-25 | Normal theralitisch 
cby dolerite 
8 Hornblende-no- | 26-8 | 31+6 | 41-6 | 0-17 | 0-35 | 0-32 0-214) Melagabbrodioritisch 
rite(Type A of the 
author) 
9 (Washington) 27-2 | 30-8 
10 Basic-garnetife- | 26-5 | 31-3 
rous norite (Groves) 


0 .d. ae 
2 0-58 n.d. = 


?? 
eo 
=] 
a 
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From the diagram it can be seen that there are four possible trends of 
differentiation as shown by the four arrows radiating from the centre of the 
field. They are:— 


1. Norite to Anorthosite - .. AtoF 

2. Norite to Pyroxenite .. Ms .. AtoP 

3. Norite to Peridotite .. “a .. AtoM 

4. Norite to Granite os ai .. towards Q 


Among these four trends the charnockites of the Madras area when 
plotted indicate the 2nd and 4th. The second trend gives rise to types as 
that of Pyroxenite from Pallavaram. The fourth trend of differentiation 
gives rise to the more and more acid types resulting in granites. 


It will be interesting at this stage to see whether the courses of crystalli- 
zation followed by the charnockite as deduced from the Q-L-M diagram 
are to any extent reflected in the Niggli’s theoretical diagram (1938, 645, 
Fig. 12) for the Crystallization-Differentiation of the Circum Pacific Suites. 


In Fig. 6 the rock type A viz., Hb.—Norite, the parent magma of the 
charnockites, when plotted falls in the olivine field. When cooling takes 
place olivine separates and the melt moves towards the peritectic line 2-4 
with the result that the olivine is absorbed with the formation of pyroxene 
(pyroxenite) until the melt reaches 4. The above assumptions of the crystal- 
lization of olivine and its reabsorbtion gets support from the report of Holland 
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(1900 A, 167) who says that olivine has been observed in some slides. 
Washington (1916) also reports of the same in his slides. 
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Fic. 6. Crystallization—Differentiation of the Parent Magma for the Pacific Suite 
(From Niggli 1938, p. 645) 


When all the olivine has been absorbed the melt moves from 4 to 5 with 
the crystallization of En-Di and felspars, producing the rock types like B 
and C. The melt then moves along 5 to 6 and should have given rise to 
types having good amount of hornblende, but what is seen is that En-Di 
persists here also. This is most probably due to the charnockite magma 
being “dry”, hence hornblende could not crystallize out. When the melt 
reached 6, the mineral association should have been felspars, hornblende 
biotite (and quartz). But due to the “ dryness” of the magma, the mono- 
clinic pyroxene persisted, and instead of biotite an aluminous hypersthene 
(vide Part I) has crystallized giving rise to quartz-hypersthene-diorites. These 
rocks though not present in the writer’s collection are, however, reported 
by previous workers such as Holland (1900), Washington (1916), Rama Rao 
(1945). 


If the melt takes the course 6-8 then it gives rise to type D. The magma 
after reaching 8 takes a turn and proceeds towards 7, where there is a 
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simultaneous crystallization of felspars, quartz and biotite (here hypersthene) 
resulting in rocks like E. and F. 


If, however, it follows the line 6-7 still the same rock types are evolved. 


Thus the courses of crystallization followed by the charnockite magma 
agree even in many details to that of the theoretical diagram constructed by 
Niggli for the Crystallization-Differentiation of Calc-alkaline Suites. 


These Circum Pacific trends of differentiation are also clearly brought 
out when the inter-relation of the three Basis molecules Kp-Ne-Cal is studied. 
The relation is usually expressed as 

ia 
7 Kp + Ne + Cal 
So that 7 gives the ratio of normative anorthite to the total normative 
felspars. 

To bring about the relation between the above mentioned three Basis 
molecules, they are plotted in the above trilinear diagram (Fig. 7). The 
value k is measured on the side Kp-Ne with 100% k at Kp. 7a is measured 
either along the side Ne-Cal or Kp-Cal with 100% a at Cal and any particular 
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value of is got by drawing parallel lines to the side Kp-Ne. Lines joining 
the Cal corner from Kp-Ne side will give particular values of k. 


For the sake of clarity and comparison the three fields constructed by 
Niggli (1938, Fig. 2b, 3b and 45) for the three main petrographic suites are 
included here in a simplified form in the same figure. 


Similar idea is got by plotting in y — mg diagram (Fig. 8) where 
CRE...” aan 
Y ~ Fo + Fa+ Cs 
so that y gives the proportion of normative wollastonite to the total ferro- 
magnesium minerals. 
Mg(Fo) 
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Fic. 8. y—mg. Diagram 
Perro PROVINCIAL ASPECTS 


From the foregoing study it is clear that the charnockites show a very 
strong affinity to the calc-alkaline or Circum Pacific Suite of rocks. It will+ 
now be worth while to see whether the typical tendencies exhibited by the 
differentiation diagrams can be traced in other well-known calc-alkaline 
Suites. 
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The type area of the calc-alkaline suites, viz., the younger mountain 
chains surrounding the Pacific Ocean has been subjected to an extensive 
study by Burri (1926) who classified them into three main groups of differentia- 
tion tendencies within the North American Cordillera. 


I. Pelee-Lassen Peak and Electric Peak. 
II. Sierra Nevada (eruptives) and San Francisco Mountains. 


III. Yellowstone National Park and its Sub-type Rosita. 


The different interpolated values of these groups along with those of 
the charnockites are given in Table VII and plotted in Fig. 9. 


It will be seen that Interpolated values of the charnockites agree closely 
with those of the above types in general and with Electric Peak in particular. 
On closer scrutiny it may be seen that the fm values of the charnockites are 
consistently higher than any of the types, a fact attributable to their having 
large amounts of hypersthene and other femic minerals. 


TABLE VII 
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TABLE VII—(Contd.) 
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PLP — Pelee Lassen Peak YNP — Yellow Stone National Park 
EP — Electric Peak NAC — North American Cordillere 
SN — Sierra Nevada CH — Charnockites 


From a perusal of the table and the differentiation diagrams (Figs. 
9a to 9f) it will be seen that the Electric Peak type agrees very closely with 
the Charnockites. An examination of the Isofalic points (Table VIII) also 
points out that the Madras charnockites while agreeing well with all the 
types do so particularly with the Electric Peak. 
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Fic. 9a. Differentiation Diagram of the Pelee Lassen Peak 
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Fic. 9b. Differentiation Diagram of the Electric Peak 








Fic. 9c. Differentiation Diagram of the Sierra Nevada 








9d. Differentiation Diagram of the Fellow Stone National Park 
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9e. Differentiation Diagram of the North American Cordillere 
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Fic. 9f. Differentiation Diagram of the Charnockite Series 


Thus, it is clear that the trends of differentiation exhibited by the char- 
nockites belong to the Circum Pacific Province with close affinities in parti- 
cular to the Electric Peak type. 























TABLE VIII 
| St al=fm c alk 
PLP 175 | 31-5 24 13 
EP 206 | = 31-5 19 18 
YNP 167 32 19 17 
SN 1380 || 31 22 16 
NAC 172 | 30 21 19 
CH 216 33 +5 17 16 
PETROGENESIS 


The chemical composition of the different rock types of this series 
ranging from the acid through intermediate to basic and ultra basic, occurring 
in close association in field after the fashion of igneous rocks, their lenticular 
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habit, the presence of such unstable minerals as pyroxenes and the absolute 
freshness of the rocks, led Hoiland (1900 A) to assign the charnockites an 
igneous origin, admitting at the same time that in some cases, they might 
have suffered some metamorphism at later stages. Several authors since 
Holland who worked on similar types in different parts of the world have 
given divers modes of origin to the charnockites from the nature of the 
local evidence. A recent Bulletin of the Mysore Geological Department 
(Bulletin No. 18) by Mr. B. Rama Rao, Director, Mysore Geological 
Department, admirably sums up these views to which reference is invited. 
So far as the charnockites of St. Thomas Mount, Madras, are concerned 
a chemical study of the rocks based on Niggli’s interpretation points to an 
igneous origin, the diversity of the types having been brought about by 
magmatic differentiation. 


Attention may be drawn to the fact (vide Part I, p. 329) that the plagio- 
clase felspars of this series are mostly twinned after an obscure twin law viz., 
Albite-ala or its variation, irrespective of the rock type. Prima facie it appears 
rather strange that they, in all the rock types, obey a very uncommon twin 
law. This becomes quite intelligible with the appreciation that all these 
tock types are genetically connected. 


The problem of charnockites being undoubtedly very complicated, the 
writer does not expect, that what has been stated in this paper shall cover 
the whole of this complicated series. Nevertheless the facts made available 
here are sufficient to throw some positive light on the elucidation of its 
genesis, in the type area. 
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THE REFRACTIVE DISPERSIVE POWER OF 
ORGANIC COMPOUNDS 


Part I. The Refractive Dispersion of Dextro, Levo and Racemic 
Forms of Borneol, Camphor, Camphoric Acid, Camphoric Anhydride 
and Camphor Carboxylic Acid 
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IN this series of investigations on the refractive dispersion of organic com- 
pounds, we describe, in this part, our experiments on enantiomeric and 
racemic forms of five terpene derivatives. The earlier formule of Gladstone 
2 

it sy, d for refractive 
power neglect the effect of dispersion. This effect cannot be neglected 
especially in the case of substances in which the wavelengths of the charac- 
teristic absorption bands controlling the dispersion are not far removed from 
those of the spectral region for which observations are made. 


and Dale! (2 and of Lorenz and Lorentz? 


Maxwell* in 1869 proposed the following dispersion equation in the 
form of a question set at the Mathematical Tripos examination in the. Uni- 
versity of Cambridge: 
nt=q?+2Z oe 
This equation was also put forward by Sellmeier in 1871 and is known as 
the Maxwell-Sellmeier or shortly the Sellmeier equation for refractive dis- 
persion. It is very similar to the Drude equation‘ for rotatory dispersion: 

ky 
le] =o 
Rach term of the summation in the two equations has two constants. 
In the Drude equation the two constants are ky (rotation constant) and 
A (dispersion constant). Similarly the Sellmeier equation has two 
constants, hy (refraction constant) and A,” (dispersion constant). In 
addition there is the constant term a*, which when added to the summa- 
tion term represents the square of the refractive index of the medium for a 
Stationary electric field. 


Both the rotatory dispersion equation of Drude and thé refractive dis- 
persion equation of Sellmeier suffer from the same defect: they do not take 
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into account the degradation of light energy due to absorption and thus 
break down when measurements are made in the region of absorption, as 
the influence of the neglected friction term begins to make itself felt. 


The Dispersion Constant X9": 


As far as theoretical and experimental evidence goes, Ag” the dispersion 
constant which represents the square of the wavelength of the dominant 
absorption band, controlling the refractive dispersion and optical rotation 
of the medium appears to be identical in both cases. Lowry’s® work on the 
rotatory dispersion of quartz in the visible region of the spectrum gives the 
following equation for rotatory power: 


11-6064 13-42 4-3685 


® = \2—9-010527 * #®— 78-22 


in which a represents the rotation in degrees per millimetre for a given value 
of A. 


Gifford’s values* for the refractive index of quartz for the ordinary ray 
fit in a Sellmeier equation: 
1-00317A2_ «08275 2? 
A? —0:010627 = A* — 78-22 
in which the values of A9’s (the wavelengths of the dominant absorption bands) 
are those derived from Lowry’s equation of rotatory dispersion of quartz 
above mentioned. 


n? = 1-35375 + 


Pickard and Hunter’? measured the natural rotatory dispersion, refractive 
dispersion and absorption spectrum of d-y nonyl nitrite and found the follow- 
ing almost identical values of Ay in the three cases: 


A) == 3680 A U. (rotatory dispersion measurements), 
Ay = 3730 A.U. (from measurements of refractive index), 


Ay = 3670 — 3720 A.U. (from direct photographic measurements of 
absorption). 


It, thus, appears that the characteristic absorption bands which rotatory 
dispersion and refractive dispersion equations predict have a real existence 
and are identical. 


It is with a view to place this relation on a sure experimental foundation 
that we have undertaken in this and subsequent papers the determination 
of the wavelengths of the dominant absorption band (Ao) from measure- 
ments of refractive dispersion. 
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The Refractive Dispersive Power of Organic Compounds—1 


The substances employed in the present investigations are the d-, /- and 
di- forms of borneol, camphor, camphoric acid, camphoric anhydride and 
camphor carboxylic acid. The rotatory dispersion of camphor carboxylic 
acid will be described in a separate communication and that of the other 
four compounds in their dextro and levo forms has already been reported 
by one of us.* The refractive dispersion of these compounds for the d-, /- 
and di- forms are given in Tables [II to VII. The observed and calculated 
values of refractive index for the five wavelengths for the three stereo- 
isomeric forms as shown reveal remarkable agreement, the differences 
between the observed and calculated values being within 1 part in 7000. In 
these Tables III to VII, the rotatory dispersion equations’ for the compounds 
are also given alongside the refractive dispersion equations for the sake of 
comparison of their dispersion constants (Ao”). In Table I, the values of 
4 as derived from rotatory dispersion and refractive dispersion measure- 


ments are given. 
TABLE | 


> 


Comparative Tabular Statement of Values of (1) “* Absolute” rotation 
(Drude Equation); (2) “* Absolute ” refractive index (Sellmeier 
equation) ; (3) the wavelength of the dominant absorption band 

from Drude and Sellmeier equations in A.U. 

















/ ————_______. | Xx | Xx 
. {a} *abs,=ko |n* abs, = a7 +b (1 +Ap?)| am .0 ! 
Compound (Drede ean.) (Galienaler ean.) (from Drude |(from Sellmeier 
eqn.) | eqn.) 
Borneo! + 11-8 | 1-3591 | 1921 =| ~~ 1962 
(2950 } 
Camphor *e oe ee | {1924 1912 
Camphoric acid *e 14-84 1-3596 | 2184 | 2231 
Campboric anhydride .. 0-3041 1-3555 ee 2076 
Camphor carboxylic acid 16-94 1-3605 | 2550 } 2589 








* The values of [a]qy, and 74», are calculated for the wave-length at which A2— d,?= 1 square 
micron. 

The differences between the values of A as deduced from rotatory dis- 
persion equation and refractive dispersion equation range from 12 A.U. 
in the case of camphors to 47 A.U. for camphoric acids. For Borneols 
this difference is 41 units. The agreement between the two values of A 
is therefore very close. Camphor has a complex rotatory dispersion repre- 
sented by a two-term Drude equation* 

21-91 11-50 
lal = y= 0-087 — X® — 0-037 


—_——___. 





* This equation is recalculated from data given in Table III of Singh and Mahanti’s paper 
(Proc. Ind. Acad. Sci., A, 1935, 2, 389). 
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which gives two absorption bands at A 1924 A.U. and A 2950 A.U. The 
refractive dispersion equation of Sellmeier gives only one band at A 19]? 
A.U., which corresponds to one of the characteristic absorption bands at 
\ 1924 A.U. deduced from rotatory dispersion equation. The other band 
corresponding to A 2950 A.U. is not revealed by the three-constant Sellmeier 
equation as we have taken only one term in the summation. If a second 
term of the summation is also taken, it will result in a five-constant equation. 
The evaluation of this equation will be a tedious mathematical operation 
and it will be futile to attempt it as two out of the five spectral lines for which 
observations were taken are too close, namely Nasgggs and Hosg75. In fact 
as we have only 4 lines for the refractive index measurements, it is impossible 
to calculate the five-constant Sellmeier equation having two terms in the 
summation. It is, therefore, not possible to find out the second dominant 
absorption band A 2950 A.U. from the’ refractive dispersion equation with 
the present data. The direct determination of the absorption of camphor 
in alcohol gives a band whose maximum is at A 2874 A.U. according to 
Baly® et al., and at 2890 A.U. according to Hartley.1° These are nearly 
identical in wavelengths with the second’ band at A 2950 A.U. deduced from 
the rotatory dispersion equation. In the graphs of Baly and Hartley, there 
is a second band whose maximum is not reached at 2200 A.U. and may 
be considerably below this wavelength. As it is in the far ultra violet region, 
it has not yet been determined. It appears, however, that it may correspond 
to the band at 11912 A.U. and A 1924 A.U. deduced from refractive dis- 
persion and rotatory dispersion equations respectively. 


These results furnish strong evidence in support of the Drude equation 
of rotatory dispersion and the Sellmeier equation of refractive dispersion. 
It, thus, appears that there is an intimate connection between optical rotatory 
power and refractive index. Livens™ in 1913 deduced theoretically such a 
relationship which was subsequently tested experimentally by Peacock." 
More recently, however, Condon?* has put forward a theoretical expression 
connecting rotatory power with refractive index, namely, 

q = 1O:m*NLB , nit 2 
A? 3 
but as it contains a parameter 8 which is not easily capable of evaluation 


except in some very simple cases, it has not so far found any general appli- 
cation. 


In the case of the other substances investigated, the wavelengths of the 
characteristic absorption bands lie in the remote and not easily accessible 
spectral region in the ultra violet and a direct verification of the existence of 
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these bands deduced from the Drude and Sellmeier equations has not yet 
been realised. 


Relation between Rotatory Power (Drude Equation) and Refractive Index 
(Sellmeier Equation) at corresponding conditions of wavelength 


In previous communications,“ the elimination of dispersion for the 
proper correlation of rotatory power with chemical constitution has been 
emphasised. For substances which exhibit simple dispersion and obey 


Drude’s one-term equation, a = rane this may be easily done by making 


\=+/I +A,? and calling this the “ absolute wavelength’; ko, the rotation 
constant, then becomes numerically, though not dimensionally, equal to 
[a] the rotatory power of the medium.. This “ absolute wavelength ”’ is 
not much greater than 10,000 A.U. in the infra-red region of the spectrum. 
Comparisons of optical rotatory power at this wavelength at which A?— A)? =1 
square micron, may be regarded as those for corresponding conditions of 
wavelength, in which the effects of dispersion are eliminated. The values 
of [a] abs. or kp for the wavelength at which A*— A)?= 1, for the four com- 
pounds showing simple dispersion are given in Table I. There is, however, 
no such easy process available for the complex type of dispersion as exhi- 
bited by camphor. 


In the same way in studies on refractive index, the effect of dispersion 

may be eliminated for substances which obey Sellmeier’s equation with only 
. . by A ' 
one term in the summation, namely, n* = a?+ Pe > The expression for 
the absolute value of refractive index, n,,,, for the “‘ absolute wavelength ” 
at which A?— A)?= 1 square micron, is as below: 
Nass = Va? + by FAG) 

These “‘ absolute’ values of refractive indices are also given in Table I. 
On comparing [a],,,. and n,5,. (Table I) for the “‘ absolute wavelength ”’, it is 
evident that although there is no simple mathematical relationship between 
them, yet a rough parallelism in their values is discernible. In other words, 
the compound having higher value of [a],,,. shows higher value of n,,,. and 


vice versa. This indicates that there is some connection between rotatory 
power and refractive index. 


Case of Camphoric Anhydride 


_ The rotatory dispersion of d- and /- camphoric anhydrides was deter- 
mined by Singh and Mahanti® and it was found that the compounds had zero 
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rotation for the wavelength range 46709 to 4358 A.U. This apparent 
inactivity is not due to racemisation as the anhydrides on hydrolysis furnish 
the corresponding camphoric acids of the correct rotation. The anhydride 
ring is responsible for this phenomenal depression in rotation. Lowry, 
however, gives [a])>=— 1° for d- camphoric anhydride in chloroform. 
Making use of this value of [a], and that of A,2=0-0431, deduced from the 
refractive dispersion equation of Sellmeier (Table VI), the Drude equation 
for camphoric anhydride for the D-line may be written thus: 


[a]; =— P= Ko 


~~ (-5893)? — 0-0431 
whence ky = 90-3041 


0-3041 


at 6th = —- pe 


The Rotatory dispersion Table No. XIII given in the earlier paper of Singh 
and Mahanti® may, therefore, be modified and substituted by Table II given 
below. 


TABLE II 


Rotatory Dispersion of d- Camphoric Anhydride in Chloroform 


36° __0-8041 els i 
(el = - 3-5 Ao =2076 A. U. 





Wave-length | Specific rotation 





Ligros 7a —0-75° 
Cdease oy 0-82 
Lig104 ee| 0-93 
N ageos eo 1-00 
Hegsza0 sins 1-04 
He5461 oo 1-19 
Ags209 °° 1-33 
Cdsose oe] 1-41 
Haase at 2-07 





Physical Identity of Enantiomers 


Pasteur’s Law of Molecular Dissymmetry’® holds good rigidly both as 
regards the vectorial and scalar properties of optically active and their oppo- 
site isomers. Numerous recent measurements on rotatory dispersion?’ have 
confirmed the truth of this law. A series of measurements of their scalar 
properties such as viscosities’® has demonstrated that this law applies equally 
rigidly in their case also. The law was also shown to hold good as regards 
refractive index.** These earlier measurements were made with an Abbe 
refractometer. Our present measurements (Tables III to VII) are made’ 
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with a Pulfrich Refractometer for five wavelengths in the visible region of 
the spectrum from A 6563 A.U. to 4359 A.U. The refractive indices are 
identical for the d- and /- forms within an accuracy of about | part in 7,000. 
The refractive indices of the racemic forms (1 per cent. solution in ethyl 
alcohol) are identical with those of their optical isomers within about 1 part 
in 7000. It thus appears probable that the racemates in dilute solution are 
completely dissociated into their components. 


EXPERIMENTAL 


The dextro, levo and racemic forms of borneol, camphor, camphoric 
acid and camphoric anhydride were prepared and purified according to the 
methods described by one of us. Camphor carboxylic acids were pre- 
pared according to the method of Bredt.1**° 


The refractive indices were determined with a Pulfrich Refracto- 
meter, jacketed with water from a thermostat maintained at 35° C. and may 
be regarded accurate to 0-0002 unit. The concentration of the solution 
in absolute alcohol was one per cent., namely, one gram in 100c.c. of solu- 
tion, in all cases except camphoric anhydrides for which 0-625 per cent. 
solutions were made due to their low solubility. The experimental results 
are given in Tables III to VII. 


TABLE III 


Cc 
Refractive Dispersion of i-, d- and dl-Borneols : CoH K Lon 


0-15242 


n*=] -6890 + d\2—0-0385 ; 


Ao” =0-0385 


(ta}e = — 22:80 _ : — 
( [1X = x2 0-08002 ro? =0-03692 | 





| 


n nt a | ° 
calculated lzvo - dextro Waec ”“vacemic 


() () (2) (r) 





| | 

Hoses --| 1.3623 | 1-3626 | +-0003 | 1-3697 -0002 | 1-3624 

Nasgo3 ..| 1+3640 1 +3642 -0002 | 1-3641 | +-0001 | -3639 -0001 
these --| 13640 | 1-3641 | +-0001 “3641 | +-0001 | 1-3640 -0000 
Hesse: ..| 13653 | 1-3652 -0601 -3653 | +-0000 | 1-3655 | +-0002 
Hesase ..| 13712 | 1-8710 -0002 -3710 -0002 | +3712 -0000 














* This equation is calculated from rotatory dispersion data given in Table XV of Singh and 
Mahanti’s paper (Proc. Ind. Acad. Sci., A, 1935, 2, 394). 





268 Bawa Kartar Singh and Bal Kishore K. Nayar 

















TABLE IV 
. . CH, 
Refractive Dispersion of \-, d- and dl- Camphors: CgHy.4 é - 
0+ 17422 
2=]- Ri coe. a 20). 
w? = 1-0657 + 53— I asgg Ao? =0- 0366 
i fa}° _ 21-91 11-80 Ap? =0-037 
[' 7A 2-0-0887 =A? —- 0-037 \,?=0-087 } 
| | 
| 
’ "calculated | “lzvo | "Ie *dextro "d-c *racemic pe 
(c) (2) (2) (r) 
ee | 
| 
Heses **| 13624 | 1-3622 | —-0002 | 1-3623 | —-0001 1-3624 | +-0000 
Naseos --|  1+3640 1-3689 | —-0901 | 1-3639 | —-0001 1-3640 | +-0000 
Hssre --| 11-3640 | 1-3641 | +-0001 | 1-3641 | +-0001 1-3641 | +-0001 
Miteses «| 1 +3654 1-3653 | —-0001 | 1-3652 | —-0002 | 1-3653 | —-0001 
Hgyes0 ” 13717 1-3716 | —-0001 | 1.3717 | +-0000 | 1-3715 | —-0002 














* This rotatory dispersion equation has been re-calculated from data given in Table III of 
Singh and Mahanti’s paper (Proc. Ind. Acad. Sci., A, 1935, 2, 389). 




















TABLE V 
: , ; ; ‘ 1 /5OOH 
Refractive Dispersion of \-, d-, and dl- Camphoric Acids: Colic | 
OOH 
es O-1153\2__ ' 
atm +7277 + 3a Ao? =0-0489 
{ oi __14-84 Sachin } 
{tl, = s-00 Ao? =0+0477 
= ee ) 
x *calculated| “lcevo hee "dextro | "dec "racemic "pe 
(c) (2) (¢d) | (r) 
—_ --| +3680 1-3629 | —-0001 | 1-3630 | +-0000 | 1-3631 | +-0002 
Nasaps ..|  1+3645 13647 | +-0002 | 1-3645 | +-0000 | 1-3647 | +-0002 
Hssre w.| 13645 1-3646 | +-0001 | 1-3646 | +-1001 | 1-3645 | +-0000 
Hessen ..|  1+3659 1-3658 | —-0001 | 1-3657 | —-002 | 1-3660 | +-0001 
Hgy250 ..| 1-3722 1-3722 | +-0000 | 1+3721 | —-0001 | 1-3720 -0002 
| 








* This rotatory dispersion equation is taken from Table V of Singh and Mahanti’s paper 
(Proc. Ind. Acad. Sci., A, 1935, 2, 390). 








Hose 
Nass 
He 
Hgs. 
Hgy 


disp 
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TABLE VI 
Refractive Dispersion of \-, d- and di- Camphoric Anhydrides: 
co 
Cmte 
8 14\co 
en O-1412,2 — 
=1-6900 + 5 pas]: Ao? =0-0431 
fay = — 073041 ; 
{ XA Az—0-0431 j 
eae : EE : 
| 
* "calculated | “lcevo | tf “dextro | "dee | * racemic * oe 
(e) Oo | (2) | | @ 
Hines ..|  1+3501 | 1+3890 | 70001 1-3590 | —-0001 | 1°3592 | +-0001 
Nasgos --| 11-3607 | 1-3608 | +-0001 | 1-3609 | +-0002 | 1-3608 | +-0001 
ions -+| 13607 1-3607 | +-0000 | 1-3608 | +-0001 1-3608 | +-0001 
Hes,e1 ++} +362) 1-3621 | +-0000 | 1-3621 | +-0000 | 1-3622 | +-0001 
He,ss0 -+| 153685 1-3685 | +-0000 | 1-3685 | +-0000 | 1-3684 | —-0001 











dispersion equation given in this Table. 





* This rotatory dispersion equation is calculated by using A,* deduced from the refractive 














TABLE VII 
Refractive Dispersion of \-, d-, and dl- Camphor Carboxylic Acids: 
Cid a” 
sftyaX | 
\CH-COOH 
_ 0-0690A" 2= 0-06 
x20 7765 + So I Ao? =0-0670 
ee An? =0+06 
jf], = x2=0-0650 9? =0- 0650 | 
a * calculated * evo | "hie *dextro | "dc | "racemic | Bc 
(.) (4) | (¢) | (r) 
Heses .-|  1-3685 | 1.3635 | +-0000 | 1-3635 | +-0000 | 1.3636 | +-0001 
Nasggs --| 13650 | 1-3649 | —-0001 1+3649 | —-0v0l1 1-3649 | —-0001 
Hssre ..| +3650 1-3650 | +-0000 | 1-3651 | +-0001 | 1-3651 | ++0001 
Hessen ..| 153663 | 1-3661 | —-0002 | 1-363 | +.0000 | 1-3664 | +-0001 
Hgsas0 | 13727 | 1-8727 ; | 1+3727 | #-0000 | 1-3727 | +-0000 
{ U 
* Unpublished results. 2° 
SUMMARY 
1. The refractive dispersion of dextro, levo and racemic forms of 
borneol, camphor, camphoric acid, camphoric anhydride and camphor 


A6 
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carboxylic acid has been determined in alcohol at 35° C. for five wavelengths. 
The values of the refractive indices are identical for the three forms and fit in 
a Sellmeier equation. 


2. The equality of the refractive indices of the dextro and levo forms 
supports Pasteur’s Law of Molecular Dissymmetry. 


3. The values of Ao, the wavelength of the characteristic absorption 
band, calculated from the Sellmeier refractive disp2rsion equations are in 
remarkable agreement with those deduced from the Drude rotatory dis- 
persion equations. 


4. A rotatory dispersion equation for camphoric anhydride, which 
cannot be determined from its rotatory power data, has been deduced by 
employing Ay calculated from the Sellmeier refractive dispersion equation. 
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Tue Solubility-Composition isotherms of camphoric acids'? and camphor- 
B-sulphonic acids,* have been studied in earlier parts of this series with 
a view to determine the nature of their racemic modifications. Both the 
acids give rise to curves consisting of three parts, corresponding to (a) d- 
acid in presence of dl-acid, (b) dl-acid in presence of d- and and /-acids 
and (c) /-acid in presence of dl-acid. Following the methods of Rooze- 
boom,‘ and Bruni,® it was concluded that the racemic forms of both the 
acids were true d/-compounds. On the other hand, the curves would have 
consisted of only two parts in the case of the d/-mixture (one portion corres- 
ponding to the d-acid in presence of J/-acid, and the other corresponding 
to l-acid in presence of d-acid) there being no separate phase due to the 
dl-form which is merely an equimolecular mixture of the d- and /-forms. 


The freezing-point (melting-point) method, also due to Roozeboom, 
had been applied to these and other compounds.® Theoretically, the freezing 
point-composition curves should in general be quite similar to the solu- 
bility-composition isotherms: a racemic mixture giving rise to two sections 
with a minimum of temperature (eutectic point), a racemic compound to 
three sections with two-eutecit and the mixed crystal type giving rise to 
one single continuous curve. The results obtained from the solubility 
method were in complete agreement with those derived from the freezing 
point method. 


In the present paper, we have applied both these methods to the study 


of the inactive form of camphor carboxylic acid. The two methods lead 
to the same conclusion, namely, that the racemic acid is a dl-compound. 


EXPERIMENTAL 


The d-, /- and dl-camphorcarboxylic acids were prepared by a method 
due to Bredt.? Dry carbon dioxide gas was passed into an ethereal solu- 
tion of camphor containing sodium beads at room temperature (25° C.). 
The initial vigorous reaction subsided after a time, when it was found that 
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the reaction mixture had become quite thick. In order that ail the sodium may 
react, it was found advisable to warm the reaction mixture, when it became 
less viscous and reaction proceeded smoothly. After nearly all the sodium 
beads had been used up, powdered ice was added and the aqueous extract 
kept for 24 hours. On warming to about 50°C., most of the borneol 
formed during the reaction was precipitated out. The camphor carboxylic 
acid was obtained by acidifying the filtrate. The crude acid was recrystal- 
lised several times from warm aqueous alcohol (10%). Melting point: 
d- and /- acids 128-129°; dl-acid 135-136°C. [a] 3) = + 84-0° in 0:5Y 
aqueous solution. 

The measurements of solubilities were made in an apparatus described 
in Part II of this series! For the determination of the percentage compo- 
sition at the isothermal invariant points, the specific rotation of the active 
form, at a concentration equal to the total acids present, was extrapolated 
(see discussion) and this value used in calculating the amount of the active 
form present. The results are given in Tables II and III. 


TaBLE I. Rotation of camphorcarboxylic acid in aqueous solution at 30° C. 














Conc. in gms. per Rotation in 2-dcm. | [a] 30° 
100 gms. of water | tube for Hgs4g,_ | 5461 
! 

0-16 | 0-24 75-0° 
0-30 0-48 80-0 
0°375 | 0°61 81°33 
0-50 0-84 84-0 
0-60 | 1 12 93°33 
0-72* 1-52 105-5 
0-81 1-82T 112-25 

* Saturated solution. t Extrapolated value. 


TABLE II. Solubility of mixtures of d- and dl-camphor carboxylic acids 
in water at 30°C. 





_ | 
| Percentage Composition 

Total acids (gms. /100| 

gms, of water) 











| dl-acid dl-acid 
| 
ee ae ———_—_|-—____—- ———— a 

- 723 - 723 .- 100-0 0-0 
737 687 | -050 93-2 6:8 
-771 -671 -100 87-0 | 13-0 
“815 -654 -161 &0+3 | 19-7 
°72 -571 -158 7R°3 21-7 
+572 -402 -170 70-0 30-0 
- 506 32) | -185 } 63-5 36°5 
429 161 | -268 37-8 62-2 


“411 -080 *331 19+ 
ea -41] a. 


29 
iv 4) 
— 





| 
| 
| Amount of d-acid | Amount of d/-acid | 7 
| 
| 
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TABLE III. Solubility of mixtures of I- and dl-camphorcarboxylic acids 
in water at 30° C. 





Percentage Composition 


Total acids (gms./100) Amount of /-acid Amount of d/-acid | ~~ = 
gms. of water) 








| | | J-acid | dl-acid 
| | 

“117 “717 | a 100-0 0-0 
*751 “701 -050 93-3 6°7 
- 781 -681 -100 87-2 | 12-8 
-817 - 652 *165 79-8 20-2 
- 670 +503 -167 | 74-6 25-4 
+538 - 361 *177 i 67-1 32-9 
-467 +241 +226 : 51-6 48-4 
*413 -120 +293 29-1 70-9 
“411 . “411 0-0 100-90 


| | 





The freezing point method had to be modified as the substance decom- 
poses into camphor and carbon dioxide on prolonged heating, and quick 
determinations had therefore to be made. In view of this, the melting 
points, instead of the freezing points, were determined. Mixtures were 
prepared by directly weighing out known amounts of the components and 
mixing them well in an agate mortar. Six determinations were made with 
each mixture, and the average value taken to minimise any errors arising 
in the mixing of the components and the determination of the melting points. 
The results are given in Tables IV and V. 


TABLE IV. Melting points of mixtures of d- and dl-camphorcarboxylic acids 





Percentage Composition* 





Melting point 





d-acid | @il-acid 
100 129-2° 
90 10 123-4 
80 20 | 122-2 
70 3 121-0 
60 40 120-8 
50 50 121-4 
40 60 | 124-6 
30 70 120-0 
20 80 | 132-2 
10 90 | 135-0 
v8 100 126-0 





ee 


* By weight 
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TABLE V. Melting points of mixtures of |l- and dl-camphorcarboxylic acids 





Percentage Composition* 





Melting point 
d-acid dl-acid 





100 
90 
80 
70 
60 
50 
40 
30 
20 
10 





DISCUSSION 


The experimental results of solubility determinations given in Tables 
II and III are plotted in Fig. 2 showing total solubility in grams per 100 
grams of water against the percentage composition. The determination of 
the isothermal invariant points presented certain difficulties as the specific 
rotation was found to vary with concentration. The specific rotation of 
camphor carboxylic acid in water at 30° was determined at several con- 
centrations up to the point of saturation (Table I). There is a noticeable 
increase in the value of [a] %§, with concentration. While working with 
mixtures of active and inactive acids containing known amounts of the 
active substance, it was noticed that the measured rotation corresponded to 
the amount taken, if the specific rotation at the concentration of the total 
acids present, was used for calculating the amount of the optically active 
acid. These results can be explained if it be assumed that the specific 
rotation of the undissociated acid is greater than that of the dissociated 
acid. Numerous examples of a similar variation in specific rotation with 
concentration are known as in the case of mandelic acids® and several 
camphorates.°{ In subsequent investigations,’® on the rotation of camphor 
carboxylic acid in different solvents, it was noticed that the specific rotation 
varied within wide limits depending upon the acidic or basic nature of the 
solvent. This lends further support to the view that the effect may be 





* By weight 


t Solutions of camphoric acid in alcohol and acetone are also mentioned by Landolt as 
behaving in a similar way. The aqueous solutions of camphoric acid (studied in earlier parts 


did not, however, show any measurable change in specific rotation in the range investigated) 
although the alcoholic solutions did show some variation, ® 
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ascribed to dissociation. The specific rotation corresponding to the total 
acids present at the isothermal invariant point was, therefore, extrapolated 
(Fig. 1), and this value used in the calculation of the amount of active 
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sections, AM, MBN and NC. AM corresponds to the solubility of th. 
d-acid in presence of the d/-acid. The first half MB of MBN corresponds 
to the solubility of the d/-acid in presence of d-acid while the second half 
BN corresponds to its solubility in presence of /-acid. The portion CN 
shows the solubility of the /-acid in presence of the inactive form. The 
existence of the two isothermal invariant points M and N and the nature 
of the graph obtained indicate that inactive camphor carboxylic acid exists 
as a compound in solution in water at 30°C. 


The melting point data given in Tables IV and V are plotted in Fig. 3, 
percentage composition of the mixtures being the abscisse and the melting 
points the ordinates. Here also we get a well defined maximum with two 
prominent minima. The presence of the central maximum in the melting 
point curve is a clear indication of the existence of the racemic acid as a 
dl-compound even at its melting point. 
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The general similarity of the solubility-composition isotherm and the 
melting point-composition curve is evident. The central portion in both 
cases is well marked indicating the stable nature of the dl-compound. In 
the case of the melting point graph, though the curves rise and fall steeply, 
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the eutectic points are not well defined. If we consider the d-dl-section of 
the curve (or the /-d/-portion) we have practically one curve only, joining: 
the melting point of the racemic form to that of the active form. Such 
curves, though with less pronounced minima, are usually obtained in the 
formation of solid solutions. The rapid fall in the melting point of the 
pure d- and d/- forms in the presence of .small amounts of the d/- or d- form 
respectively, gives indication of their existence as well defined compounds. 
The continuous nature of the curve near the minima, however, seems to 
point to the formation of mixed crystals between the active and inactive 
forms. 


The dextro and levo forms of camphor are well known" to give a series 
of solid solutions with nearly the same melting point throughout. Camphor 
carboxylic acid (B) resembles camphor (A) very closely and differs from it 


H i 
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(A) (B) 
only in the substitution of a —COOH group for an —H atom. The forma- 
tion of solid solutions between the active and inactive forms of camphor 
carboxylic acid, though to a lesser degree, is therefore quite possible. It is 
of interest to note in this connection that oxymethylenecamphors (C)—in 
the aldehydic form—which bear a close resemblance to the camphors and 
the camphor carboxylic acids, were also found!* to give curves closely 
akin to those obtained in the present case. 


It is proposed to undertake a further analysis of the melting point curve 
in a subsequent paper with a view to determine the degree of dissociation 
of the racemic acid at its melting* point. 


We wish to thank the University of Allahabad, where this work was 
carried out, for the award of the Empress Victoria Readership in Chemistry 
to one of us (B.K.K.N.) and for the grant of research facilities. 


SUMMARY 


(1) The solubility-composition isotherm of mixtures of active and 
inactive camphor carboxylic acid in water at 30°C. has been determined. 


(2) The isotherm consists of three curves with two isothermal inva- 
riant points indicating the inactive acid to be a dl-compound. 
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(3) The melting point-composition curves of mixtures of active and 
inactive camphorcarboxylic acids have also been determined. 

(4) The curve shows two well pronounced minima (eutecti) showing 
that the inactive acid is a dl-compound, in conformity with the solubility 


results. 
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